As little comprehensive baseline data are available on age-related haematological changes in genetically-defined rat strains, the haematology of female F344 rats is described in animals sampled at 2, 4, 8, 20, 66 and 121 weeks of age. Values for Hb, RBC and PCV increased from 2 weeks of age to reach adult levels at 8 weeks, whereas MCV, MCH and reticulocyte counts were high initially but decreased to reach the adult range at 8 weeks. Between 66 and 121 weeks, reticulocyte counts were significantly increased and values for MCHC significantly decreased. Lymphocytes were the predominant white cell type in each age group. The absolute numbers of neutrophils and lymphocytes showed slight variations between 2 and 66 weeks and both cell types increased significantly between 66 and 121 weeks. Platelet counts showed no overall agerelated trends. Fibrinogen values increased from 2 weeks of age to reach the adult level at 8 weeks. One animal of the 14 sampled at 121 weeks showed changes in the blood, liver and spleen consistent with a diagnosis of lymphoid leukaemia.
The haematology of normal rats has been widely reported (see Reich & Dunning, 1943; Hardy, 1967; Schalm et al., 1975) and significant differences described between several out bred stocks and inbred strains (Reich & Dunning, 1943; Lovell et al., 1981; Hackbarth et al., 1983) . Age-related changes in rat haematology have also been noted (Ring et al., 1964; Sanderson & Phillips, 1981; Archer et al., 1982; Charles River, 1982 , 1984a .
Apart from the mouse, the rat is the most widely used laboratory animal in biomedical research, accounting for approximately 20-250/0 of all experiments (LAC, 1974a) and the .relative popularity of this species appears to be increasing (Festing, 1979a) . Inbred strains are now widely available and are used frequently (Festing, 1979b) . The F344 (also described as the Fischer or Fischer 344; Festing & Staats, 1973) and the Osborne-Mendel, have been selected as definitive inbred strains for use in carcinogen bioassay programmes in trials with small rodents by the National Cancer Institute of the USA National Institutes of Health (NCI, 1976) . The F344 is thus an inbred strain of choice for cancer studies and also is widely used in toxicology, biochemistry, pharmacology, physiology, immunology, endocrinology and transplantation research. Despite its popularity, relatively little comprehensive baseline data are available on age-related haematological changes in the F344 rat. This study documents the haematology of female F344 rats of different ages, maintained and tested under standardized conditions. Preliminary data for some animals have been reported (Festing et al., 1984; Turton et al., 1985) .
Materials and methods

Animals
Male and female F344/N rats (Bantin and Kingman Ltd, Grimston, Aldbrough, Hull) were supplied from a category 3 star specified pathogen free (SPF) colony (LAC, 1974b) . Breeding pairs were established to produce offspring, weaned at 21-23 days, for sampling at 2, 4, 8 and 20 weeks of age. Rats for sampling at 66 and 121 weeks were purchased as weanlings to supplement the study.
Rats were housed in groups of 5-8, in suspended cages with grid floors, maintained under conventional (non-SPF) conditions of husbandry at 19-22°C in a relative humidity of 50-60070 on a 12: 12 h, light: darkness cycle. Animals were fed ad libitum on a maintenance diet (Rat and Mouse No.1, SDS Ltd, Stepfield, Witham, Essex) with free access to mains drinking water. At 2, 4, 8, 20, 66 and 121 weeks of age, groups of 14-24 rats were weighed, anaesthetized with CO2 and blood collected by puncture of the right ventricle after making a thoracotomy incision. Blood samples were taken between 1000 and 1200 h with disposable plastic syringes and disposable needles, and aliquots added to tubes containing K 2 EDT A to give 1· 5 mg/ml blood. Standard haematological techniques were used as described by Dacie and Lewis (1975) and Hawkey (1975) ; fibrinogen was measured by the heat precipitation micro-method of Millar et al. (1971) . The Wintrobe technique was used to estimate the erythrocyte sedimentation rate (Wintrobe, 1967) . All tests were done within 4 h of obtaining the blood sample. Postmortem examinations of all animals were carried out. Samples of major organs and all tissues appearing abnormal were taken for histological examination.
Sampling and haematological techniques
Abbreviations
Haemoglobin, Hb; red blood cells, RBC; packed cell volume, PCV; mean cell volume, MCV; mean cell haemoglobin, MCH; mean cell haemoglobin concentration, MCRC; erythrocyte sedimentation rate, ESR; white blood cells, WBC. Turton, Hawkey, Hart, Gwynne & Hicks Units for the various blood values are given in Table 1 .
Statistical analysis
Differences between groups were analysed by Student's t-test. Table 1 summarizes the results. At 2 weeks of age, values for Rb, RBC and PCV were comparatively low and the reticulocyte count, MCV and MCH were high. In this age group the red cells observed in stained blood films showed a high degree of anisocytosis, poikilocytosis and polychromasia and in some animals there were a few nucleated red cells. By 4 weeks, Hb, RBC and PCV values had increased and reticulocyte counts, MCV and MCR decreased towards adult levels. For all parameters, adult values were reached by 8 weeks. There were no significant changes in MCRC in rats up to and including 66 weeks. Compared with the 66 weeks age group, at 121 weeks the MCHC was decreased (P<0'025), the reticulocyte count was increased (P<O'OOI) and there were slight reductions in average Rb, RBC and PCV values. Postmortem examinations at 121 weeks and at other times showed no evidence of haemorrhage. Table  1 . Lymphocytes were the predominant white cell type in all age groups. Both lymphocytes ( P < O' 05) and neutrophils (P < 0'001) were significantly increased at 121 weeks. At 2 weeks monocytes and eosinophils were absent, and at other times no consistent age-related trends could be seen. Basophils were only seen in 3 of the 100 rats surveyed in Table 1 and this was at 4 weeks.
Results
Red blood cells
White blood cells A summary of the findings is presented in
Platelets, fibrinogen and erythrocyte sedimentation rate Platelet counts (Table 1) remained relatively constant throughout the study. Values for fibrinogen were low at 2 weeks but had increased to the adult level by 8 weeks; at 121 weeks 
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[8] 0,01 (0'00-0'04) [3] 583± 146 o Basophils (x 10 9 /1) Neutrophils (x 10 9 /1) Lymphocytes (x 10 9 /1) Monocytes (x 10 9 /1) Eosinophils (x 10 9 /1) Platelets (x 10 9 /1) Fibrinogen (gil) ESR (mm in I h) a Observed range in parentheses. bFor technical reasons, differential white blood cell counts were only obtained from 10 rats. cOne rat killed at 121 weeks had leukaemia and was excluded from the group. The values from this rat were Hb 8'3; RBC 2'8; PCV 0'23; MCV 83'6; MCH 30'2; MCHC 36'1; reticulocytes 9'1; WBC 33'7; neutrophils 4'04; lymphocytes 29'66; platelets 211; fibrinogen 2'9; ESR 67. there was significantly more fibrinogen than at 66 weeks (P<O·OOI). Red cells did not sediment over a 1h period in any of the 76 animals sampled at 4 to 121 weeks (Table 1) . This contrasts with the ESR of 67 mm in 1 h found in one rat at 121 weeks which had lymphoid leukaemia; see below.
Lymphoid leukaemia in a rat at 121 weeks Fourteen rats were sampled at 121 weeks. At postmortem, one animal was lighter (268 g) than the average for the group (299 g) and the spleen was enlarged, 13,44 g/kg body weight c.r. mean spleen weight of group, 3, 78 g/kg body weight. The blood values of this rat are not included in Table 1 but are presented in the footnotes. There was severe regenerative macrocytic anaemia associated with thrombocytopenia and a markedly elevated ESR. The WBC count was elevated with neutrophilia and marked lymphocytosis. The lymphoid cells were large with round, oval, lobulated or irregular nuclei containing clumped chromatin (Fig. 1) . In some cells the cytoplasm was abundant, vacuolated, stained grey to blue, and often contained distinctive, moderate to large, punctate azurophilic granules. Macroscopically the liver was not enlarged but showed a yellowish nodular appearance and the lobes had divided margins. Histopathological examination of the liver revealed sinusoidal infiltration by lymphoid cells (Fig. 2) . Lymphocytic infiltration was also evident in the spleen.
Discussion
For most erythrocyte values, the observed standard deviations and ranges were relatively small, with a coefficient of variation usually of less than 100/0.However, the total WBC counts and the counts of individual cells, reticulocytes and platelets were much more variable with the coefficient of variation often exceeding 50%. There was slightly more variation in the blood values of animals killed at the two extremes of 2 and 121weeks. At 2 weeks this may be related to differences in the stage of development of blood forming tissues in individual rats, and at 121 weeks it may reflect a breakdown in homeostasis related to the onset of senile change. None of the rats at 121 weeks showed evidence of haemorrhage at postmortem examination. The patterns of change in red cell values between 2 and 8 weeks were similar to those reported for other young mammals (Loeb et al. , 1978) . The relatively low Rb, RBC, PCV values and the high MCV at 2 weeks indicate that replacement of fetal red cells by smaller, adult-type cells is not complete at that time. The active production of adult cells at week 2 is reflected by the high reticulocyte counts and the presence of nucleated red cells in the circulating blood. Low fibrinogen levels observed in the 2 week old rats indicate a low rate of synthesis, probably associated with a functionally immature liver.
Previously, Reich and Dunning (1943) analysed the peripheral blood of 7 inbred rat strains and included an examination of age-related changes. The data reported here are in broad agreement with their findings for the F344 rat, with the notable exception of the total WBC count. For F344 rats of 50-400 days old, Reich and Dunning reported WBC counts between 12· 8 (x 10 9 /1) and 14·7 (x 10 9 /1); all other strains examined had even higher values. These relativelyhigh WBC counts may have been associated with chronic respiratory disease (CRD) which commonly affected rat colonies at that time.
More recently the haematology of 7 inbred strains of male rats 8-12 weeks old, including the F344, was reported by Lovell et al. (1981). As there is variation between the haematological values of male and female rodents, direct comparisons of the current study with that of Lovell et al. cannot be made. Again, however, the WBC counts of 4, 2 (x 10 9 /1) recorded by Lovell et al. were higher than those found in our animals (Table 1) . Further data on F344 blood parameters have been published by Charles River (1984a) and additional findings on 6, 12 and 18 month old animals supplied by Charles River, USA (OJ Pucak, 1979, personal communication) were comparable to those presented here in Table 1 . Similar results for RBC and WBC values in the F344 rat have been reported by Ring et al. (1964) and Smith et al. (1986) .
The trends in age-related changes in the haematology of the F344 rat are comparable to those of other inbred strains and outbred stocks reported previously (Schalm et al., 1975; Sanderson & Phillips, 1981; Archer et al., 1982; Charles River, 1982 , 1984b .
The haematological findings and histopathological assessment of tissues from one rat were consistent with the diagnosis of leukaemia, accompanied by a severe macrocytic anaemia and thrombocytopenia. These changes closely resemble previous reports of the characteristic leukaemia seen in F344 rats (Stromberg & Vogtsberger, 1983; Stromberg et al., 1983a,b; Ward & Reynolds, 1983; Dieter et al., 1985) .
There is a debate about the definition of this form of leukaemia, frequently described as a unique or unclassified mononuclear cell leukaemia (Davey & Moloney, 1970; Moloney et al., 1970) . It also occurs in other strains and stocks of rats (Moloney et al., 1969; Abbot et al., 1983) . Because the leukaemic cells in F344 rats are erythrophagocytic, Kusewitt et al. (1982) concluded that they may have arisen from a monocyte-macrophage precursor but Ward and Reynolds (1983) and Stromberg et al. (1983a) characterized the cell as a large granular lymphocyte. Recent cytochemical tests (M. Andrews et a/., 1988, personal communication) demonstrated a-naphthyl acetate esterase negative and acid phosphatase positive responses, supporting the findings of Ward and Reynolds (1983), but 2 markers usually associated with myeloid lineage were also positive (cWoroacetate esterase and alkaline phosphatase). However, the reaction pattern for all the enzymes was focal, rather than the diffuse response seen in myeloid and monocytic lines, anq the finding of 'block' positivity in about 100/0 of cells supports a lymphoid origin.
The finding of haematological changes, affecting not only the white cells but also the red cells, platelets and ESR in F344 leukaemia suggests that blood tests would be of value in the clinical diagnosis and health monitoring of this strain of rat.
